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Our research investigates science identity in the context of Hispanic science, technology, engineer-
ing, and mathematics (STEM) students and addresses the question of how they construct meaning of
their science identities. Our qualitative research design uses group interviews to arrive at a symbolic
description of current self, combined with a narrative collage method to arrive at a performative defi-
nition of the future self. Results from a large sample of 75 participants support the theory of science
identity with evidence of participants viewing their future self as a research scientist or an altruistic
scientist. Extending the theory of science identity, the findings also show evidence of a non-scientist
trajectory and a non-relational dimension. The non-scientist trajectory is a future self-conception that
excludes science or scientific practice. The non-relational dimension is an absence of humans, where
people are simply missing from the future self-conception. Our work contributes to science identity
theory by showcasing the experiential meaning of identity for Hispanic STEM students. Our research
design also provides a stepwise approach to identifying the meaning of science identity for students.
Practical implications also include tailoring professional development programs to encourage and
facilitate recognition for Hispanic STEM students. More specifically, the practical implications of this
work include developing elements of Hispanic science identity, such as self-recognition and recogni-
tion by others, as well as the humanistic dimension. Recommended strategies are bringing STEM pro-
fessionals into the classroom as well as allowing STEM students to experience professional settings.
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self, recognition, narrative, collage, professional, humanistic

1. INTRODUCTION

Culturally, being a scientist is highly gendered and racialized (Carlone et al., 2015;
Wong, 2015). The deep-seated gender/race beliefs and barriers in science, technology,
engineering, and mathematics (STEM) have manifested a white, male hegemonic con-
text (Carlone et al., 2014, 2015; Ong et al., 2011; Wong, 2015). Those without such
embodied traits may struggle to identify with the scientific profession (Archer et al.,
2015; Carlone, 2003; Johnson et al., 2011). Consequently, the status quo is reproduced
(Carlone and Johnson, 2007) within a matrix of oppression (Johnson et al., 2011), com-
plicating and problematizing the development of a science identity (Carlone and John-
son, 2007; Malone and Barabino, 2009).
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Our research focuses on the question of how Hispanic STEM students construct
meaning of their science identities. Science identity (or what nascent scientists believe
they can achieve) is central to science success (Brickhouse et al., 2000; Drew, 2015;
Kozoll and Osborne, 2004) and is especially important for underrepresented minority
students in STEM fields (Koyama, 2007; Malone and Barabino, 2009; Miller-Cotto and
Byrnes, 2016; Syed, 2010; Syed et al., 2011). Determination to succeed and intention to
persist are fragile and often critically tested when examples of success in their sphere of
influence are lacking. Consequently, there is a call to better facilitate underrepresented
minority student success and persistence in STEM (Ceglie, 2011; Chang et al., 2014;
Estrada et al., 2016; Graham et al., 2013; Merolla and Serpe, 2013; Simon et al., 2017).

Identity trajectories shift, reshape, and transform continuously through participation
(Bricker and Bell, 2014; Jackson and Seiler, 2013; Johnson et al., 2011). This dynamic
process creates a pattern of identity (Holland et al., 2001; Wenger, 1999) that enables
persistence, or perhaps, works against persistence (Jackson and Seiler, 2013). Students
construct identity through action. This is a dynamic and participatory process. In this
way, identity is performative, and practicing science impacts what science means (Rahm
and Moore, 2016; Tan et al., 2012). Accordingly, identity is negotiated through partici-
pation, and science identity relates to what students consider as “who they think they
are” (Brickhouse et al., 2000, p. 443).

2. THEORETICAL FRAMEWORK

Seeking to capture such complexities for successful STEM women, Carlone and John-
son (2007) focus on women of color and report three interrelated dimensions of science
identity: competence, performance, and recognition. Across these three dimensions,
Carlone and Johnson (2007) present evidence to identify three science identity trajec-
tories as the research scientist, the altruistic scientist, and the disrupted scientist. These
dimensions and trajectories are illustrated in Fig. 1.

A strong science identity is demonstrated by someone who has competent scien-
tific knowledge, is motivated to understand the work scientifically, has the skills to
perform scientific practices, and recognizes themselves as a “science person,” as do
others (Carlone and Johnson 2007, p. 1190; Lu, 2015, p.743). More specifically, those
holding a research scientist identity think and act like a scientist, are passionate about
science, recognize themselves as being scientific, and others do too (Rodriguez et al.,
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FIG. 1: Science identity trajectories and dimensions
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2017), whereas those holding an altruistic scientist identity regard themselves as a
vehicle for altruism, creating innovative meanings of science (Carlone and Johnson,
2007). In contrast to both the research scientist and the altruistic scientist trajectories,
the disrupted scientist identity seeks, but does not necessarily receive, recognition
from meaningful scientific others, such as peers, faculty, and professionals (Carlone
and Johnson, 2007). For a disrupted scientist identity, self-recognition is a work in
progress, where the fragility and fear of an unknown outcome highlights vulnerability
(Rodriguez et al., 2017). Beyond self-recognition, peers, faculty, and family generate
outside recognition (Rodriguez et al., 2017). Peer recognition enables intellectual ac-
ceptance (Bukoski and Hatch, 2016), and being part of an elite scientific community
reinforces, for example, the machismo culture of Latino masculinity (Lu, 2015); yet,
while the family is highly respected in the Latinx culture, the family are not consid-
ered “meaningful others” in the science and STEM context (Rodriguez et al., 2017,

p. 14).

3. METHODS

This study evolved from an interdisciplinary discussion between a physical scientist and
a social scientist about how to best serve Hispanic students in their STEM endeavors.
The specific research question is, “How do Hispanic STEM students make meaning of
their science identities?” To address this question, we began with a group discussion to
identify current self-conceptions, followed by a narrative collage approach to illustrate
future self-conceptions.

3.1 Authors’ Positionalities

Both authors are female scientists, with just one being a woman of color and neither
being Hispanic, but both working at a Hispanic Serving Institution. Stemming from the
basic concern of student success, the authors engaged in a genuine dialogue about the
different perspectives of physical science and social science. Over time, this interdis-
ciplinary dialogue brought to light the challenge of understanding Hispanic students’
needs and specifically, science identity. As researchers, and scientists, we too have had
to navigate career pathways, and so the question of science identity is highly relat-
able. Given this personal experience of developing a scientific career, we deliberately
addressed potential biases while collecting and analyzing evidence. We took time to
self-check and to check in with the other as a strategy used in this regard. Interactive
dialogue was key to achieving this level of awareness. Effectively, we built reflexivity
into the research process.

3.2 Participant Details

We conducted our research within a large, regional, Hispanic Serving Institution that
hosted a STEM enrichment program funded by the Howard Hughes Medical Institute.
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The entire program comprised 123 undergraduate students from across various STEM
disciplines, including science, mathematics, engineering, computer science, and psy-
chology: 73 males and 50 females, with 86% identifying as Hispanic. From that sam-
pling frame, the study sample included 82 participants, 40 male and 42 female students,
87% Hispanic, with 85% science majors and 15% engineering and computer science
majors.

In focusing on Hispanic students, we consciously strived to be culturally sensitive
and incorporated deliberate efforts to ensure that we treated the study participants in a
fair, equitable, and transparent manner. With an emphasis on voluntary participation,
the informed consent process required a signature from each potential participant. We
provided assurances of confidentiality, and reported findings in a de-identified manner
with the use of pseudonyms. Moreover, throughout the research process, we reminded
participants that if they were not comfortable about answering a question, they were
welcome to either decline or terminate their participation or both. An example of how
this consideration played out occurred when one participant shared that the inspiration
for her career was a good friend who had died. In telling this story during a group discus-
sion, the participant became upset. In response to this participant’s emotional reaction,
we invited her to withdraw, but she decided to continue. Her choice to share openly
and then continue in the project indicates the level of safety and comfort that we had
been able to establish within the space. In other words, the participant felt safe enough
to retell the story and comfortable enough to continue, despite becoming emotional.
Considering procedural ethics in this type of research is essential not only for regulation
purposes, but also for the protection of vulnerable populations and reasons of research
quality (Tracy, 2010, 2019).

Another important consideration is the appropriateness of describing our research
participants as Hispanics. Terms referencing ethnicity, such as Hispanic, are some-
times used interchangeably with other terms, such as Latino/a or Latinx (Martinez and
Gonzelez, 2020). Recognizing the heterogeneity among those originating from Latin
America, Hayes-Bautista and Chapa (1987) argue for the use of Latino, rather than
Hispanic. In contrast, given the Federal population classification system and the need
for researchers to be consistent with that Federal designation, Treviio (1987) argues
for the use of Hispanic rather than Latino. While the debate regarding the use of such
terms has shifted over time and will continue to be revisited going forward, the term
Hispanic is used throughout this paper because this research was conducted at a His-
panic Serving Institution, and 87% of the study participants consciously self-identified
as Hispanic.

3.3 Research Design

In seeking to operationalize the question of how Hispanic STEM students make
meaning of their science identities, our research goal was to identify and describe
what and how Hispanic students consider their current and future self in the context
of STEM. With that goal in mind, we implemented a qualitative, open-ended, and
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unstructured approach to investigate and document Hispanic STEM students’ science
identities. Notably, context dependency is an underlying assumption of this approach
and the following discussion details the importance and relevance of this aspect of
the research.

Direct questioning by way of interviewing, for example, enables open-ended
questioning about how experience is created and given meaning, but one-on-one
interviewing negates the social context (Silverman, 2005). An alternative to direct
questioning and individual interviewing is to access stories or narratives through
which people describe their world (Holstein and Gubrium, 2004). Given that social
processes shape the meaning of experience (Berger and Luckmann, 1966), good and
valid research investigating the experiential meaning of identity needs to be situ-
ated in the given social context. However, while a focus group offers a group (so-
cial) context, a standard focus group follows a structured protocol to explore a topic
(Krueger, 2014). In contrast, assuming context dependency and assuming the world
is not distinct but rather an experienced world where individuals actively make sense
of the world(s) they experience, the students’ experience of science that informs their
worldview perspective is an appropriate research focus (Kozoll and Osborne, 2004).
In this way, we were able to document identity through the eyes of Hispanic STEM
students.

To achieve this intention, the physical scientist author of this paper hosted and in-
vited potential participants to a career development workshop which the social scientist
author of this paper facilitated. We introduced the workshops as a creative exercise
designed to help students with career goals as well as to help identify what Hispanic
STEM students require to achieve their career goals. The workshop facilitator spent
some time explaining her background and how she had come to be involved with doing
this type of research, given that she was previously unknown to the participants. This
deliberate disclosure enabled a degree of trust, rapport, and credibility to be developed,
which demonstrated honesty, vulnerability, and transparency, adding to research rigor
(Tracy, 2010, 2019).

The facilitator supported the comments of each participant joining in on the con-
versation by first validating their thinking and then gently probing by asking for an
example or more specific details of their comments. Establishing trust, rapport, and
credibility between researcher and participants in this immersive way, demonstrates the
researcher as a reliable research instrument and further adds to research rigor (Tracy,
2010, 2019).

Once participants had shown a willingness to contribute and converse, the facilitator
asked them to consider the personal items they had brought with them to the workshop.
From these personal items, we asked participants to identify and describe an object they
considered symbolically reflective of their current self. One by one, participants told the
story of how their chosen object was symbolic of their current self. Discussion about and
around symbolic objects and the comments that followed allowed free-flowing expres-
sion of the self, with minimal social risk. Importantly, we posed questions as “what” and
“how” rather than “why” to facilitate granular reflective rather than simple explanatory
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responses. This indirect and reflective technique enabled participants to detail aspects of
themselves that may have otherwise stayed hidden. We encouraged further dialogue by
asking for either specific examples or more details on points and issues raised or both.
Gradually, each participant contributed to the conversation, some more confidently than
others; however, all contributed somewhat, nonetheless. This initial process took up the
first hour of the workshop. In the second hour of each workshop, we asked participants
to illustrate their future self creatively with a collage.

In this second stage of the workshop, the facilitator introduced participants to the
craft materials made available to them at each of the multiple tables. Craft materials
included dated scientific trade periodicals, nature magazines, lifestyle magazines, and
other full-color glossy publications, as well as scissors, glue, tape, glitter, colorful pip-
ing, foam pieces, pens, pencils, crayons, markers, and plain/colored cardboard. We in-
vited participants to use these materials creatively to construct a collage that illustrated
them in their future scientific career. We asked participants to think about what this
future self might be doing in their career and what a typical day might be for this future
self.

Inviting participants to be actively involved in this creative process saw some initial
hesitation and resistance but with a little encouragement, they were soon observed to
be happily collaborating, moving freely about the room, and readily discussing what
images they were finding, or not. Construction of the collages became a group effort
where participants were individually creating collages but also actively collaborating to
find specific imagery. The narrative collage method is particularly suited to investiga-
tions where imagination plays a role in contexts related to the domain of the imagined
(Kostera, 2006). This creative approach enabled participants to illustrate what/how they
considered constitutive of their future self, with minimal personal risk. As an experien-
tial method, the narrative collage method provides a performative definition and enables
a depth of insight into the social phenomena under investigation (Kostera, 20006).

Upon completion of the collage, we invited participants to tell the story of their
future self, as illustrated in the collage. Listening to each collage description, the fa-
cilitator sought to probe on certain points for either clarification or expansion or both.
Again, we posed probing questions as “what” and “how” rather than “why” ques-
tions to encourage reflection rather than explanation. Probing and clarification of the
intended meaning of each collage and the elements within ensured the research team
had captured an accurate depiction of the experiential meaning of the future self. This
step also enabled a credibility check to ensure that the interpretation of the meaning
of the collages was from the participant’s perspective, rather than the researchers’
perspective.

3.4 Analytical Approach

In keeping with the non-linear research process of qualitative research, the analysis
began concurrently with conducting the group discussion workshops. During the work-
shops, we consciously considered participant dialogue in the context of the original
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premise of supporting Hispanic students in their STEM endeavors. This effort to self-
check within the analytical process is a form of reflexivity that adds to the research rigor
by way of adding a depth of sincerity (Tracy, 2010, 2019).

Analysis of the verbal and illustrative narratives offered by participants was
achieved by applying the theoretical structure presented by Carlone and Johnson’s
(2007) science identity framework. To begin this analytical process, we considered
each collage in terms of evidence for each of Carlone and Johnson’s (2007) science
identify dimensions of competence, performance, and recognition. For example, en-
gaging with scientific knowledge in the field or the laboratory is considered evidence of
competence; use of scientific tools such as test tubes, microscopes, and other measur-
ing tools is considered evidence of performance; describing oneself in a scientific role
and/or interacting with others in scientific roles is considered evidence of recognition.
During this process, the analytical emphasis was on considering parts of the verbal
explanations and elements of the visual imagery relative to the whole of the evidence,
including theory. This process involved switching back and forth between the parts and
the whole and back to the parts again. In this way, small details, as well as broader ho-
rizons, could be recognized. Effectively, the experiential meaning expressed by the par-
ticipants was revealed, while simultaneously reflecting on and integrating theoretical
knowledge. Reflexivity was further built into the analytical process with the research
team re-reading the verbatim workshop transcripts, repeatedly reviewing the collages,
revisiting the emergent themes, and reorganizing iteratively until we achieved stability.
Such evidence of reflexivity adds to the rigor of research (Alvesson and Skdldberg,
2017).

We considered parts of the verbal explanations and visual evidence in the context
of the evidence as a whole. By swinging back and forth between these perspectives, we
sought to identify what participants considered constitutive of their current self and Zow
participants considered that current self. In turn, we sought to identify what participants
saw as their future self and similarly sow participants considered what was constitu-
tive of their future self. From there, analysis shifted to consider possible meanings and
varying frames of reference, including divergent evidence and theories. This process
of synthesis and verification sought to identify commonalities across what participants
experience as science identity and how. The outcome of this what and how analytical
process enabled identification of the essence of each participant’s science identity. This
analytical process of synthesizing meanings and essences is a representation of the phe-
nomenon at a particular time and space following an imaginative and reflective study of
the phenomenon (Silverman, 2005).

4. RESULTS

We begin to present results by reporting the symbolic expressions of the current self
and continue with narrative collages of the future self. Applying Carlone and Johnson’s
(2007) science identity framework as illustrated in Fig. 1, research scientist and altru-
istic scientist trajectories are confirmed along with competence, performance, and rec-
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ognition dimensions therein. Extending Carlone and Johnson’s (2007) science identity
framework, we report a non-scientific trajectory as well as a non-relational dimension.

4.1 Results: Symbolic Expressions of Current Self

Participants identified an object that they considered to be symbolic of their current self
and described this symbolic reflection. Table 1 provides a summary of the selected ob-
jects presented along with a summary of the symbolic descriptions.

As Table 1 shows, some participants suggested their electronic calendar and planner
to be symbolic of their organizational skills. Other participants presented unique ob-
jects, offering distinct meanings. Miguel, for example, produced a pen and very proudly
explained the hi-tech engineering contained in the pen, which was not conspicuous at
first glance. He described this pen in intricate detail and he went on to express how
this “highly tactical” pen made him feel “safer.”” For Miguel, this piece of technology,
which looked like an everyday pen, was his weapon in the STEM world. In other words,
Miguel felt as if he needed to know that he had a hidden potential to use as needed.

Similarly, Louise wore an analog watch to demonstrate authority, and Elisa carried
her violin pin on her backpack as a reminder of her interest, ability, and passion for art
and music. Although these objects quite subtly display an expressed meaning that may
only be known to the individual, they are indeed meaningful to the participants that

TABLE 1: Select tabular summary of symbolic objects

Participant Object: what Symbolic meaning
pseudonym (as expressed by participant): How
Miguel Fountain pen Hi-tech, tactical pen that makes him feel
safer
Louise Analog watch Being responsible and demonstrating
authority
David Premedical student Community service orientation and
organization t-shirt that reads, altruistic motivation
“Medicine: to cure sometimes,
to comfort always”
Elisa Violin pin Double major in engineering and music
Sally Fortune cookie insert that This fortune message was received just
reads, “New financial prior to sitting pre-SAT exams to get
resources will soon become scholarship awards; received highest grade
available” in school district
Jonas Large set of keys Keys to the building where he works as
a janitor, where he and his family go to
church; described as keys to his life
Andy Fold-up bike Reflects on diverse background and ability

to adapt
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carry them as a standard daily practice. For analytical purposes, and as shown in Table
1, the objects themselves were considered “what” participants considered as their cur-
rent self, with their expressed meaning considered “how” participants considered their
current self. We take the same approach in analyzing collages on the future self.

4.2 Results: Narrative Collages of Future Self

As with the analysis of objects symbolizing the current self, analysis of each collage
revealed what and how participants considered their future self. Table 2 presents an
example of how we analyzed this visual text. As Table 2 shows, the visual elements of
Delia’s collage considered what she sees as her future self, while the meaning she ex-
pressed in these elements considered ow she sees these attributes of her future self. The
prominent imagery in this collage relates to family, fun, and fitness but the image of the
biology textbook relates to science and scientific knowledge.

The selective analytical extract presented in Table 2 shows to which identity dimen-
sion the evidence is attributed: competence, performance, or recognition. We consider
Delia’s textbook display of biological knowledge, evidence of competence extant in
her future self. Similarly, we consider Max’s depiction of an American medical training
center, evidence of competence. As a tool of the scientific trade, Javier chose to include
someone wearing a lightly stained lab coat. Javier described this lab coat as hiding
many invisible stains that he will proudly wear in his future career. This performance
aspect of Javier’s future-self parallels Guadalupe’s inclusion of a clinical science lab and
microscope. Evidence of self-recognition is illustrated with Leila’s collage that depicts

TABLE 2: Example of what and how hispanic STEM participants consider their future self

Participant pseudonym What How
and collage
Delia’s collage Divertida headline Divertida means “fun” in
Spanish
Brides and bridal wars the wedding scene is
competitive
Text words “Dare” and “Lead”  She has career and leadership
aspirations

Heart: Purple chenille piping She wants love in her life
above and beyond her career

Pink and blue baby booties she wants two children: boy
and girl

Well-dressed woman Stylish and successful woman

Female torso, weightlifting Strength and fitness

Anatomy and physiology of the  Biological, scientific
human body knowledge
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multiple elements related to women’s health. In telling her story, Leila revealed that sur-
gery as a teen resulted in lifelong negative consequences, and she sees her life mission as
making a difference in women’s reproductive health. Extending this analytical process
across the collages of future self, Table 3 presents an iteration of the overall visual text
analysis and application of Carlone and Johnson’s (2007) science identity trajectories.

The overall findings, as summarized in Table 4, show 41 of the total 75 collages
depicting a research scientist identity. Of the 41 collages depicting a research scientist
trajectory, 16 visual elements indicate some form of scientific competence, 57 elements
show evidence of performance, 25 elements show evidence of self-recognition, and 6
elements show evidence of recognition by others. Additionally, 7 of the 41 research sci-
entist collages do not comprise any human aspect identifying an additional, previously
unreported, non-relational dimension. The absence of humans in the collage signified
this non-relational dimension.

Of the 21 collages depicting an altruistic scientific trajectory, 7 visual elements
show evidence of scientific competence, 34 elements show scientific performance, 19
elements show self-recognition, and 7 elements show recognition by others. Two altru-
istic collages do not include any form of human element, reinforcing the identification
of a non-relational dimension.

TABLE 3: Example of what and how hispanic STEM students consider their future self

Identity Participant What How
dimension pseudonym
Competence Delia Open textbook: Anatomy Biological, scientific
and physiology of the knowledge
human body
Max Book by J. D. Salinger, Wants to go to attend an

The Catcher in the Rye; ~ American medical training
Medical Training Center; center but wants a medical

Mexican landscape degree from Mexico so he
can practice in Mexico, the
USA, and the Caribbean
Performance Javier Lab coat (lightly stained) Proud of (in)visible stains;
Nobody sees all the work
behind the scenes
Guadalupe Clinical lab science; Running tests in a laboratory
microscope as the backbone of the
hospital
Self-recognition ~ Leila Text that reads, Empathetic toward women’s

“Childbirth isn't so easy ~ emotional and physical
for everyone”; text that ~ health; Working in the
reads, “the doctor will local community; enabling
see you now” healthcare access
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TABLE 4: Summary of visual analysis from collages

Science identity trajectories Number of trajectories
Research scientist trajectory 41
Altruistic scientist trajectory 21
Disrupted scientist trajectory 0
Non-scientist trajectory 13
Total 75

While we did not identify disrupted scientist trajectories in this study, we report an
important finding that 13 collages (17% of the sample) show a non-scientist future self.
Also, within the identified non-scientist trajectories, 2 of the 13 collages do not comprise
any human element, showing further evidence of a non-relational dimension.

As summarized in Table 4, the findings confirm Carlone and Johnson’s (2007)
research scientist and altruistic scientist trajectories and extend their science identity
framework, with an identified non-scientist trajectory and an additional non-relational
dimension. Figure 2 illustrates this theoretical contribution, and the following discus-
sion details these trajectories and dimensions therein.

4.2.1 Research Scientist Trajectory

Those participants holding a research scientist identity have a genuine curiosity and
passion for science and recognize themselves as scientific, as do others (Rodriguez et
al., 2017). The collage completed by José and shown in Fig. 3 is exemplar of a research
scientist identity trajectory. Jos¢ is focused on mosquito-borne viruses, and he sees his
future self as someone who can impact the world in this scientific domain. This collage
shows multiple aspects of scientific knowledge, scientific tools, and scientific actors.
José’s collage shows people actively working in the field or the laboratory, taking mea-
surements, collecting data, and recording observations. Other actors are also shown,
possibly in the role of a colleague, patient, study participant, or community member.
Insects and other creatures are also featured prominently. The collage in Fig. 3, there-

Research scientist trajector;
o Competence
*  Performance
e Self-recognition
e Recognition by others
*  Non-relational

/Altruistic scientist trajectory
e Competence
* Performance
e Self-recognition
e Recognition by others
*  Non-relational

Non-scientist trajectory

¢ Non-scientific
performance

e Non-scientific self-
recognition

e Non-scientific
recognition by others,

e Non-relational

FIG. 2: Extended science identity framework: Hispanic science identity trajectories
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FIG. 3: A research scientist trajectory

fore, provides evidence of competence, performance, and self-recognition, as well as
recognition by others. We considered it to exemplify a research scientist trajectory. The
following discussion details this dimensional composition.

4.2.1.1 Research Scientist Trajectory: Competence Dimension

We considered evidence of competence to include any scientific knowledge, knowledge
work, or use of intellect (Carlone and Johnson, 2007). As shown in José’s collage (Fig.
3), his future self is actively engaged as a research scientist, in the field as well as the
laboratory, and he is not working alone. Scientific researchers in the field are shown to
be working individually as well as collaborating with others, recording scientific data in
an open field on a grassy plain, collecting earth samples from a rocky hollow, climbing
through mossy treetops, and using a stethoscope to check respiratory issues in a patient
in a rural setting. The orange plastic bag of blood hanging from a bulldog clip with a
mass of mosquitoes feeding off the blood is a characteristic of studying mosquito-borne
viruses, such as Zika. Given the negative impact of insect- and mosquito-borne viruses
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in developing countries, scientists working in this area can make a significant contribu-
tion. As expressed by José, he intends to put his scientific mind to work and contribute
to this area of research. Illustrating his imagined future self and demonstrating the com-
petence dimension, José foresees his scientific intellect as useful in this research context.

4.2.1.2 Research Scientist Trajectory: Performance Dimension

According to Carlone and Johnson (2007), performance is more visible than compe-
tence with the use of scientific language and tools as examples of the performance of
scientific practice (Carlone and Johnson, 2007). Evidence of performance also includes
the performance of a scientifically related task. For example, Isabel illustrates her future
self as a scientist working with various chemicals and graduated cylinders in a labora-
tory setting. She foresees herself traveling to talk about her research. She also recog-
nizes her future self as being someone successful who collaborates with other scientists.
Isabel’s collage also shows evidence of work/life balance with an explicit statement
related to having a social life, dancing, being married, having a ranch, and doing her
nails. Ultimately, Isabel sees her future self as being active in scientific and research
areas, but balanced, well-groomed, and successful. Isabel describes her collage in the
following quote:

1 have the girl dancing [because] I want to have somewhat of a social life.
And then, the airplane, because [ want to be able to travel and talk about my
research. [ want to actually do some bench work in the lab and have collabora-
tions with people ... and I hope I can still have time to do my nails haha! And
then the boots, I would like to own a little ranch and hopefully, be married by
then. And that girl in pink, that’s me. She looks pretty successful. Those are my
goals.

As well as her collage, this comment from Isabel reinforces the identification of her
science identity as a research scientist trajectory that evidences performance.

4.2.1.3 Research Scientist Trajectory: Recognition Dimension

The above description from Isabel of her collage highlights recognition of her future
self as someone successful and established in a scientific career. This future self is also
described and illustrated as collaborating with other scientists, which is indicative of
recognition by scientific peers. According to Carlone and Johnson (2007, p. 1991), the
recognition dimension is about recognizing oneself but also being recognized by others
as a “science person.”

Just as Isabel recognizes her future self as someone who is engaged with fellow
scientists, Guadalupe recognizes herself as one of the scientific lab workers who are the
“backbone of the hospital.” As well as acknowledging self-recognition, Guadalupe as-
sociates herself with a collection of scientists who work in a clinical lab, running tests.
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She explicitly establishes this recognition by others with the statement, “/W]e are the
ones that run the tests in the [hospital] laboratory.” Another participant, David, also
recognizes and articulates his future scientific self with the announcement that he has
recognized himself as a doctor since childhood. Then, he associates this recognition
with his happiness. He states:

My career [intention] has never changed since kindergarten. It has consistently
stayed as a medical doctor throughout my entire life. It is my happiness!

Considering David’s illustration of his future self in the context of his entire col-
lage, his self-recognition contributes to the evidence of his research scientist trajectory
identification.

4.2.1.4 Research Scientist Trajectory: Non-Relational Dimension

Beyond the established science identity dimensions of competence, performance, and
recognition, another dimension is reported in these findings. We label this additional
dimension as a non-relational dimension and is evidenced in the absence of people.
As an example, the collage featured in Fig. 4 has the headline of “Environmentology,”
and includes various performance tools, such as two white lab coats and safety gog-
gles, as well as numerous colorful chemicals, test tubes, vessels, and stands, yet no
people. The various scientific tools are displayed among cosmetic imagery, along with
text highlighting different aspects related to skincare, make-up, and cosmetics. Accord-
ingly, people are conspicuous by their absence in this research scientist collage. While
the two pairs of high heel shoes placed directly below the two white lab coats might
indicate human presence, no people are featured. Quite creatively, this collage presents

FIG. 4: Research scientist trajectory featuring only inanimate objects with no people and dem-
onstrating a non-relational dimension
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a strong example of a research scientist trajectory, yet this scientific world is devoid of
any human element. The absence of people or a human element is an important finding
that might reflect the objective nature of physical science but does not reflect the highly
collaborative nature and relational orientation of the Hispanic culture. Therefore, we
consider this collage to demonstrate a non-relational dimension within a research scien-
tific trajectory. Beyond the Carlone and Johnson (2007) science identity dimensions of
competence, performance, and recognition, this research contributes to science identity
theory in identifying this non-relational dimension.

4.2.2 Altruistic Scientist Trajectory

In contrast to the “Environmentology” collage featured in Fig. 4 that shows a research
scientist trajectory with a non-relational dimension, Fig. 5 shows an altruistic trajectory.
This collage from Natalia depicts a focus on women’s wellness, confidence, empathy,
and American patriotism. Natalia’s collage also features the word “magic” overlaid on a
woman dressed in a long, flowing green dress displaying a relaxed, confident, and femi-
nine manner. Natalia’s collage also includes a soldier, with head bowed, facing a stone
block wall in a state of reverence. The headline statement on the collage reads “disorder
takes understanding. ” This demonstration of empathy is strategically positioned directly
above the words “women s wellness” and the text that states, “we can live without our
hair, we can live without our breasts, we cannot live without our hope for a cure.” This
text is positioned beside a picture with two white women in the foreground, one carrying
a baby, and another older woman without hair, set against the background of a crowd of
other women wearing pink, indicating breast cancer awareness. An emotional response
is captured with the statement “How to radiate killer confidence.” These strong words

FIG. 5: Altruistic scientist trajectory
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are symbolically cutting in the context of radiation treatment and the potential terminal
reality of breast cancer. More than that, these words are displayed on top of an image
of twin skyscrapers and an overlaid image of the Statue of Liberty. Another prominent
element of this collage is a man of color, positioned centrally, wearing a white lab coat.
This evidence of scientific performance, combined with elements indicative of empathy,
wellness, magic, and confidence, suggests this future self-collage illustrates an altruistic
scientist trajectory. Natalia tells her story in the comment below as she talks about her
collaborative intentions, her long-term goals, and her willingness to adapt along the
way. Then, she announces that she is already on her way with a recent acceptance to an
international institution. The story from Natalia is evidence of the dynamic transitional
process from the current self to future self.

I'would actually like to collaborate and I’d eventually like to continue my career
over there after my PhD. So, you know, you have to have a goal and to get there,
you never know when you're going to be presented with that opportunity. I'm
actually leaving in two weeks and ['m going into reproductive biology so thats
why I have a lot of breast cancer stuff on my collage.

Like Natalia, Rebecca also demonstrates an altruistic scientist trajectory, describing
her motivation as driven by a passion to serve. She aspires to be a dietitian and empha-
sizes the Hispanic cultural priority of family. The following quote details Rebecca’s
altruistic orientation and her preference to consider others before herself.

I'm not... I'm not, [ wanna say my brain is hurting from thinking about myself
too much. Like I just tend not to think about myself at all. I tend to think about
others and that's actually what my motivation is. My passion is to serve people,
so I wanna become a dietitian.

Intending to become a dietitian, emotionally cloaked in the altruistic intention of
serving others, Rebecca goes on to explain that she wants to be in business for herself,
possibly owning a restaurant, where people are at ease about menu choices as healthy
choices and where there is a children’s playground to encourage physical fitness and
quality parent—child interaction. She also explains that her overall intention is to give
back to her family, especially her parents. Rebecca also connects her story to her grand-
mother’s story, and she comments as follows regarding her inclusion of an image of a
woman making tortillas.

This picture reminds me of my grandmother who always made tortillas. She is
a very hard worker and this is my background. This is like many of our home
backgrounds where our grandmothers, always a housewife kind of thing, and
having to provide with food, having to take care of the children kind of thing. 1
don't come from a rich background, I come from a poor background, and when
1 see this woman with a roller, I just see my grandmother and it’s just me.
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Given Rebecca’s background and the hard-working, domestic role model of her
grandmother, Rebecca’s conception of self is a traditional female role, taking care of
children, and making tortillas. She then projects this traditional female self to her future
goal of becoming a competent dietitian and restaurant owner. In this way, her collage
and description indicate she intends to use her scientific knowledge and practice for
altruistic purposes.

4.2.3 Non-Scientist Trajectory

Unlike Figs. 3-5, Fig. 6 illustrates a non-scientist trajectory. Instead, the future self-
collage shown in Fig. 6 is “knowledgeable” like Dr. Phil, “successful” like Oprah,
and “flawless and famous” like Marilyn Monroe. Rather than a future comprising
scientific competence, performance, or recognition, fame and fortune are the ex-
pressed goals. While there are aspects of performance such as the shoe alongside
the text that reads “go for it, ” there are no aspects related to scientific competence,
performance, or recognition. The collage featured in Fig. 6 is, therefore, put forward
as evidence of a non-scientist trajectory. This non-scientist trajectory was evident
in 17% of the collages, which did not include any element of scientific competence,
performance, or recognition. This non-scientist trajectory is outside both the re-
search scientist and altruistic scientist trajectories and has implications in terms of
better encouraging and facilitating Hispanics in STEM.

5. DISCUSSION

Investigating science identity in the context of Hispanic STEM students, this study
shows that 55% of study participants demonstrate a research scientist trajectory with

10 b Ve

FIG. 6: A non-scientist trajectory
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their passion for science, competent knowledge of scientific concepts, performance of
scientific practices, and recognition of themselves as a science person, as do others.
A further 28% of participants are shown to hold an altruistic scientist identity, where
science is considered a vehicle for altruism and innovation, to give back and serve oth-
ers. Unlike both the research scientist and altruistic scientist trajectories, the disrupted
scientist trajectory seeks but does not necessarily receive recognition from scientific
others (Carlone and Johnson, 2007). The findings presented here provide no evidence of
a disrupted science trajectory, but there is evidence of a lack of recognition, including a
lack of self-recognition and recognition by others.

Recognition of self and development of self-recognition regarding science identity
is a fragile process, given the uncertainty of the outcome and the vulnerabilities involved
(Rodriguez et al., 2017). For those outside the dominant race and gender, those who are
not white and male, the development of a science identity is complicated (Carlone and
Johnson, 2007). Consequently, minority students, including Hispanics, may struggle to
identify with scientific professionals (Archer et al., 2015; Johnson et al., 2011). The
harsh reality of this situation is reinforced by the findings reported here with 17% of
participants illustrating a non-scientist trajectory. A non-scientist trajectory depicts a
future self that lacks any evidence of scientific competence, performance, recognition,
or even a human element. As a result, as this research reveals, science is missing from
some future self-conceptions and science identities of Hispanic STEM students. This
identified non-scientific trajectory is demonstrative of the challenges that Hispanics face
in the formative years of their career. If Hispanic STEM students do not see their future
self as scientifically competent, performing scientific tasks and using scientific tools,
logic follows that they do not recognize their future selves as scientists, nor do they see
science as part of their career trajectory.

The Hispanic culture holds distinct cultural values and, especially so, regarding re-
lationships (Lu, 2015; Turcios-Cotto and Milan, 2013). Yet this research reports evi-
dence of a non-relational dimension with 7 of the 41 research scientist trajectories, 2 of
the altruistic scientist trajectories, and 2 of the non-scientist trajectories. That is, 17%
of the collages do not feature any people. While physical science and STEM tuition are
necessarily focused on the transference of scientific knowledge objectively, the neglect
of how people are part of science and scientific practice is highlighted here as needing
attention. We recommend attending to perceptions of how people are part of science and
STEM and how scientists interact and collaborate to address and curb this identified
non-relational dimension.

5.1 Theoretical Implications

The findings reported here contribute to the theory of science identity. The findings
confirm Carlone and Johnson’s (2007) research scientist and altruistic scientist trajec-
tories, as well as the interrelated dimensions of competence, performance, and recog-
nition. We extend the Carlone and Johnson (2007) science identity framework, with a
non-scientist trajectory, as well as an additional non-relational dimension of science

Journal of Women and Minorities in Science and Engineering



Facilitating Hispanic Students in STEM 19

identity. The non-scientist trajectory is identified above and beyond the research sci-
entist and altruistic scientist trajectories. This non-scientist trajectory is an identity
trajectory that does not include either science or scientific practice. Also, beyond the
confirmed science identity dimensions of competence, performance, and recognition,
we identify a non-relational dimension as an absence of humans. The findings re-
ported here show that the research scientist and altruistic scientist trajectories, as well
as the non-scientist trajectory, may comprise a non-relational dimension. This im-
plies, therefore, that both research and altruistic scientist trajectories can be developed
through the avenue of people and human relations—putting people in the picture, in
other words.

5.2 Practical Implications

Participation in STEM enrichment programs, coursework, and lab work are practices
and performances that may contribute favorably to the development of science iden-
tity (Merolla and Serpe, 2013). In this current research, most study participants (83%)
were identified as holding a research scientist identity trajectory (55%) or an altruistic
scientist identity trajectory (28%). Identification of a non-scientist trajectory and a non-
relational dimension implies that the development of Hispanic science identity requires
attention to recognition, interaction, and the basic idea that Hispanics are essential to the
future of the STEM workforce.

The implication of the results reported here indicate there is value in offering His-
panic STEM students the opportunity to complete a project in a scientific role outside
the university. This opportunity will allow them to see themselves as part of the scientific
community, for example. This experience will assist them in recognizing themselves as
scientists. Similarly, by allowing Hispanic STEM students to shadow STEM profes-
sionals, the student can collaborate and interact with scientific others. Essentially, we
recommend encouraging Hispanic science identity development by offering opportuni-
ties to engage with scientific professionals, especially those of the similar race, gender,
and background.

Other strategies that generate interaction and interpersonal experiences be-
tween scientific professionals and Hispanic STEM students will also contribute to
the development of science identity. Industry placements, shadowing routines, and
classroom guest speakers are specific examples that may encourage and facilitate
Hispanic STEM science identity development. As a basic first step, relevant profes-
sionals can be invited into the classroom or lab as guest speakers or expert scientists.
This presence in the classroom/lab will allow Hispanic STEM students to relate to
and envision themselves in a similar role. This point applies especially when students
make a meaningful professional connection with a scientist of either the same race
or gender or both. Such a connection enables the students to see what is possible for
their career.

Given that identity is something students develop through practice, Hispanic STEM
students need to practice and perform science to be comfortable with the potential of
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a scientist trajectory, and this can be achieved by offering shadowing opportunities for
students to shadow a scientist for a day. Increased opportunities for students to interact
with each other will also enable an improved relational dimension. Interaction with sci-
ence professionals and fellow Hispanic STEM students underlines how people and hu-
man interaction are an important part of science and scientific practice. Also, increasing
opportunities for human interaction in a scientific context, this mechanism reinforces the
relevance of Hispanic relational values in the realm of science.

Further encouraging and facilitating the development of science identity, the re-
search design detailed here offers a guide that can be used to better understand students.
While there is no claim made regarding the generalizability of the findings, the transfer-
ability of the method is underlined as a useful tool.

Step One: Gather the students, develop trust and rapport, request a symbolic object
considered reflective of the current self to be identified and described.

Step Two: Offer an array of craft items and print imagery and invite students to il-
lustrate their future self in their scientific career.

Step Three: Conduct a what/how analysis and apply the extended science identity
framework presented in Fig. 2. Be open to evidence that does not fit this framework that
might further contextualize science identity within either a specific institutional context
or cohort or both.

5.3 Limitations

Unlike most physical science research, the research design implemented here involves
symbolism and illustration. We were aware that asking physical scientists to be cre-
ative in this way might act as a potential limitation to this research. To counter this
potential limitation, we gave careful attention and preparation to bringing the par-
ticipants to this creative stage of the research process. In the first instance, we estab-
lished a degree of credibility and trustworthiness with study participants during the
two-hour workshops. Furthermore, any evidence of a creative mind, creative activity,
or creative orientation, such as Elisa’s violin pin, for example, was highlighted and
celebrated. When Elisa was explaining her passion for art and music and specifically,
the violin, as symbolized by her violin pin that she carries with her every day, we en-
couraged the discussion to continue for a short time. This dialogue also allowed other
participants to express their passion for art and music. Such actions demonstrated to
other participants that venturing into a creative space did not incur (social) risk, and
was, indeed, celebrated.

Within the analytical process, we used an iterative approach where results were
repeatedly refined. This analytical approach also enabled identification of the essence of
each science identity trajectory. Recognizing the limitations of this approach, however,
we are aware that such essences are not totally exhaustive nor fully inclusive of what
this phenomenon of science identity might be. Rather, we forward the findings reported
here as an incomplete representation of science identity, and further research is needed
to arrive at a more comprehensive understanding of science identity.
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6. CONCLUSION

We addressed the question of how Hispanic STEM students make sense of their sci-
ence identities. Our findings confirm established science identity dimensions of com-
petence, performance, and recognition dimensions, and add a non-relational dimension.
Identification of this non-relational dimension highlights the need to ensure that human
relations and interaction are experienced by Hispanic STEM students in the context of
science. Furthermore, we extend the theory of science identity with evidence of a non-
scientist trajectory. Reporting that some Hispanic STEM students conceive of a future
self that is non-scientific implies the need to nurture the vision of science and a scientific
trajectory as part of their future career. More specifically, this finding translates to the re-
quired development of science identity dimensions, such as recognition. In other words,
Hispanic STEM students need to recognize themselves as scientists, but they need to be
given the context in which to encourage and facilitate that experience. Similarly, His-
panic STEM students need to be given more opportunities so that other scientists and
science professionals will recognize Hispanic STEM students as scientists.
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